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1 Construction of auxiliary basis sets
In SAH and MPE calculations, potential inversion techniques need to be exploited to guar-
antee density matching. As pointed out by many authors, potential inversion and optimized
effective potential techniques are numerically unstable in finite basis sets.1,2 Görling and
co-workers proposed a solution by carefully balancing the orbital and auxiliary basis sets.3
We follow their idea to decontract the orbital basis and remove some of the most compact
and diffuse functions to generate auxiliary basis sets.
Here we describe how to construct auxiliary basis sets for SAH and MPE calculations.
In this work, two basis sets are used: (a) uncontracted cc-pVDZ,4 abbreviated as uDZ;
(b) uncontracted cc-pVTZ for non-hydrogen atoms and uncontracted cc-pVDZ for hydrogen
atoms, abbreviated as uTZ. The corresponding auxiliary basis sets are listed in Table S1 for
elements including H, Be, B, C, O and F.
Auxiliary basis
Removed Added
Element Orbital Basis L Tight Diffuse Exponent
H cc-pVDZ 0 1 1
Be cc-pVDZ 0 3 1
1 1
cc-pVTZ 0 3 1
1 1
3 1
B cc-pVDZ 0 3 1
1 1
cc-pVTZ 0 3 1
1 1
2 1 0.2109
2
3 1
C cc-pVDZ 0 3 1
1 1
cc-pVTZ 0 3 1
1 1
2 1 0.3499
3 1
O cc-pVDZ 0 3 1
1 1
cc-pVTZ 0 3 1
1 1
2 1 0.7163
3 1
F cc-pVDZ 0 3 1
1 1
cc-pVTZ 0 3 1
1 1
2 1 0.9684
3 1
Table 1: The construction of auxiliary basis sets for elements used in this work. The auxil-
iary basis set is designed for specific orbital basis by removing several basis functions from
uncontracted orbital basis. The second column shows the reference uncontracted orbital
basis for generating auxiliary basis. The third column shows the angular quantum number
of removed/added Gaussian functions. The fourth and fifth column shows the number of
most compact and diffuse Gaussian functions removed from the uncontracted orbital basis.
The last column shows the exponent of the added Gaussian functions in the auxiliary basis.
3
2 Energy errors for non-v-representable densities
For non-v-representable two-pair densities, our numerical tests show that the density match-
ing error ||W|| (Eq. 33) can be as large as O(10−2 a.u.) in the given basis set. In such
cases, adopting Eq. 32 to estimate Ecorr[ρ1+2] would lead to an correlation energy error of
O(mHartree) compared to the case of ||W|| = 0. Applying the top-down correction scheme
described in Eq. 35 reduces the energy error by a half or more, but still gives an correlation
energy error of around 1 mHartree. In this work, only the results involving CH2, H2O and
HF are affected by this numerical error. A numerical test on a two-pair density in the H2O
molecule is shown below.
Figure 1: Correlation energy error of a two-pair density in the H2O molecule with respect to
the density error ||W||. “Approx” represents the results of using Eq. 32, while “Top-down”
shows the results of using Eq. 35.
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